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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combined system of the solid acid ghost form fuel cell characterized by coming to 
make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer for industrial 
processes using combustion, and the industrial process using combustion. 
[Claim 2] The combined system according to claim 1 characterized by coming to prepare the 
recuperator which heats said oxidizer for solid acid ghost form fuel cells with the exhaust gas of 
the industrial process using said combustion. 

[Claim 3] The combined system according to claim 2 characterized by coming to prepare a 
means to supply low-temperature gas from said oxidizer for solid acid ghost form fuel cells 
discharged from said recuperator, between said recuperator and said solid acid ghost form fuel 
cell. 

[Claim 4] A means to supply the gas of said low temperature is a combined system according to 
claim 3 characterized by being Rhine which bypasses said recuperator. 
[Claim 5] A combined system given in any 1 term of claims 2-4 characterized by coming to 
prepare a means to heat said oxidizer for solid acid ghost form fuel cells, between said 
recuperator and said solid acid ghost form fuel cell. 

[Claim 6] A combined system given in any 1 term of claims 2-5 characterized by coming to 
prepare Rhine which bypasses said solid acid ghost form fuel cell between said recuperator and 
the industrial process using said combustion. 

[Claim 7] A combined system given in any 1 term of claims 2-6 characterized by coming to 
prepare Rhine which bypasses the industrial process using said combustion between said solid 
acid ghost form fuel cells and said recuperators. 

[Claim 8] The industrial process using said combustion is a combined system given in any 1 term 
of claims 1-7 characterized by being a heating furnace. 

[Claim 9] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the recuperator which heats said 
oxidizer for solid acid ghost form fuel cells with the exhaust gas of the industrial process using 
said combustion. Between said recuperator and said solid acid ghost form fuel cell In the 
combined system of the solid acid ghost form fuel cell with which it comes to prepare a means 
to heat a means to supply low-temperature gas from said oxidizer for solid acid ghost form fuel 
cells discharged from said recuperator, or said oxidizer for solid acid ghost form fuel cells, and 
the industrial process using combustion The operating method of the combined system of the 
solid acid ghost form fuel cell characterized by controlling a means to supply the gas of said low 
temperature, or said means to heat, according to the oxidizer temperature which said solid acid 
ghost form fuel cell needs, and the industrial process using combustion. 

[Claim 10] It comes to make the exhaust gas of a solid acid ghost form fuel cell into the oxidizer 
for industrial processes using combustion. It comes to prepare the recuperator which heats said 
oxidizer for solid acid ghost form fuel cells with the exhaust gas of the industrial process using 
said combustion. It comes to prepare Rhine which bypasses said solid acid ghost form fuel cell 
between said recuperator and the industrial process using said combustion. In the combined 
system of the solid acid ghost form fuel cell with which it comes to prepare Rhine which 
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bypasses the industrial process using said combustion between said solid acid ghost form fuel 
cells and said recuperators, and the industrial process using combustion It responds to the 
oxidizer flow rate which the industrial process using said solid acid ghost form fuel cell and said 
combustion needs. The operating method of the combined system of the solid acid ghost form 
fuel cell characterized by controlling Rhine which bypasses the industrial process using Rhine 
which bypasses said solid acid ghost form fuel cell, or said combustion, and the industrial 
process using combustion. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses mutually exhaust heat with a solid acid ghost form 
fuel cell and the industrial process using combustion in more detail about the combined system 
and its operating method of a fuel cell and the industrial process using combustion, and relates 
to the combined system which raises overall efficiency, and its operating method. 
[0002] 

[Description of the Prior Art] A solid acid ghost form fuel cell (it is indicated also as "SOFC" 
below Solid Oxide Fuel Cell:) is a fuel cell which attaches a porous electrode in the both sides, 
supplies oxidizers (air, oxygen, etc.) to one side by making this into a septum at a fuel gas and 
another side side, using oxide ion conductivity solid electrolytes, such as yttria stabilized 
zirconia, as an electrolyte, and operates at about 1000 degrees C. 

[0003] Since actuation and ** electrolyte are solid-states at the possibility of use of a carbon 
monoxide, and ** elevated temperature as ** high power and the possibility of achievement of 
high generating efficiency, and ** fuel gas in addition to hydrogen, SOFC has the descriptions, 
like there is no problem of electrolyte dissipation, and it attracts attention as a distributed 
energy source. 

[0004] In recent years, along with the rise of the social request to a deployment of energy, the 
attempt which raises overall efficiency not only according to the improvement in effectiveness 
by the industrial process independent using a power plant or combustion but according to 
construction of the combined system (complex system) which combined 2 or more than it 
attracts attention, and desire of the improvement in the further overall efficiency is carried out 
also about SOFC which has high generating efficiency. 

[0005] However, when it actually applied industrially, it was difficult to carry out continuation 
operation of the capacity balance of each component of a combined system in the condition of 
having kept it perfect in many cases, and there was a case where a bad influence attained to 
other components by making the service condition of the component of 1 suit. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above- 
mentioned matter, and it aims at offering the combined system which was excellent in overall 
efficiency including SOFC. 

[0007] Moreover, this invention aims at offering suitably the combined system which can 
respond, and its operating method to the operating condition of each component. 
[0008] 

[Means for Solving the Problem] The exhaust gas with which this invention is discharged from 
SOFC is 800-1 000 degrees C and an elevated temperature, and when it uses as a combustion 
air using combustion of an industrial process, it is completed by the controllable point suitably 
paying attention to a mutual service condition by establishing the point that improvement in 
overall efficiency can be aimed at, and a bypass line and a heating means. 
[0009] That is, this invention is the combined system of the solid acid ghost form fuel cell 
characterized by coming to make the exhaust gas of a solid acid ghost form fuel cell into the 
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oxidizer for industrial processes using combustion, and the industrial process using combustion. 
[0010] It is desirable to come to prepare the recuperator which heats said oxidizer for solid acid 
ghost form fuel cells with the exhaust gas of the industrial process using said combustion. 
[001 1] It is more desirable than said oxidizer for solid acid ghost form fuel cells discharged from 
said recuperator between said recuperator and said solid acid ghost form fuel cell to come to 
prepare a means to supply low-temperature gas. 

[0012] As for a means to supply the gas of said low temperature, it is desirable that it is Rhine 
which bypasses said recuperator. 

[0013] It is desirable to come to prepare a means to heat . said oxidizer for solid acid ghost form 

fuel cells, between said recuperator and said solid acid ghost form fuel cell. 

[0014] It is desirable to come to prepare Rhine which bypasses said solid acid ghost form fuel 

cell between said recuperator and the industrial process using said combustion. 

[0015] It is desirable to come to prepare Rhine which bypasses the industrial process using said 

combustion between said solid acid ghost form fuel cells and said recuperators. 

[0016] As for the industrial process using said combustion, it is desirable that it is a heating 

furnace. 

[0017] Moreover, it comes to make this invention into the oxidizer for industrial processes with 
which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to prepare 
the recuperator which heats said oxidizer for solid acid ghost form fuel cells with the exhaust 
gas of the industrial process using said combustion. Between said recuperator and said solid acid 
ghost form fuel cell In the combined system of the solid acid ghost form fuel cell with which it 
comes to prepare a means to heat a means to supply low-temperature gas from said oxidizer for 
solid acid ghost form fuel cells discharged from said recuperator, or said oxidizer for solid acid 
ghost form fuel cells, and the industrial process using combustion It is the operating method of 
the combined system of the solid acid ghost form fuel cell characterized by controlling a means 
to supply the gas of said low temperature, or said means to heat, according to the oxidizer 
temperature which said solid acid ghost form fuel cell needs, and the industrial process using 
combustion. 

[0018] Furthermore, it comes to make this invention into the oxidizer for industrial processes 
with which the exhaust gas of a solid acid ghost form fuel cell uses combustion. It comes to 
prepare the recuperator which heats said oxidizer for solid acid ghost form fuel cells with the 
exhaust gas of the industrial process using said combustion. It comes to prepare Rhine which 
bypasses said solid acid ghost form fuel cell between said recuperator and the industrial process 
using said combustion. In the combined system of the solid acid ghost form fuel cell with which it 
comes to prepare Rhine which bypasses the industrial process using said combustion between 
said solid acid ghost form fuel cells and said recuperators, and the industrial process using 
combustion It responds to the oxidizer flow rate which the industrial process using said solid acid 
ghost form fuel cell and said combustion needs. It is the operating method of the combined 
system of the solid acid ghost form fuel cell characterized by controlling Rhine which bypasses 
the industrial process using Rhine which bypasses said solid acid ghost form fuel cell, or said 
combustion, and the industrial process using combustion. 
[0019] 

[Embodiment of the Invention] The invention in this application is the combined system of the 
solid acid ghost form fuel cell with which the exhaust gas of SOFC is characterized by coming to 
consider as the oxidizer for industrial processes using combustion, and the industrial process 
using combustion. 

[0020] It is the fuel cell characterized by SOFC operating at an elevated temperature, and the 
exhaust gas of SOFC is very also an elevated temperature with 800-1000 degrees C. For this 
reason, when the combined system using the exhaust gas of SOFC as an oxidizing agent for 
industrial processes using combustion is constituted, the direct use of the exhaust gas of SOFC 
can be carried out as an oxygen supply for combustion, without minding recuperator, and high 
overall efficiency can be attained. 

[0021] The industrial process (for convenience a "combustion process" publication) using 
combustion is not limited especially if combustion is used, and it can apply various kinds of 
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means, such as a heating furnace, a combustion furnace, a boiler, a drying furnace, an air-heating 
furnace, and a chemical reaction furnace. [ Following explanation ] 

[0022] Moreover, the exhaust gas of SOFC has the oxygen of 15 - 18 volume %, and the 
temperature of 800-1000 degrees C. For this reason, while SOFC and a combustion process can 
carry out direct use of the sensible heat of the exhaust gas of hot SOFC a combined ****** 
case, it has the advantage that elevated-temperature combustion can be carried out in a 
combustion process. Elevated-temperature combustion is explained below. 
[0023] The oxygen supply of a constant rate is required for combustion, and the oxygen density 
more than about 1 8 volume % is usually needed. However, above 800 degrees C, it can be in the 
combustion condition called elevated-temperature combustion, and can burn also under hypoxia 
concentration under the situation concerned, and the heat transfer effectiveness is high and it 
has the description of being effective also in reduction of nitrogen oxides (NOx). 
[0024] The exhaust gas of SOFC is equipped with 800-1000 degrees C, an oxygen density 15 - 
18 volume % f and the conditions suitable for elevated-temperature combustion as mentioned 
above. Therefore, even if it is the case where it is directly used as an oxidizer for combustion 
processes, without adding heating using reforming and the heat exchanger of gas at all, the 
elevated-temperature combustion which has the above-mentioned description is attained. 
Moreover, it is large, and the sensible heat contains the residual fuel which was not utilized by 
SOFC, and is very useful as a source of supply of the oxidizer for combustion processes. That is, 
when the exhaust gas of SOFC is used as an oxidizing agent for combustion processes, it not 
only can raise overall efficiency as a combined system, but it can also raise the effectiveness of 
the combustion process itself by elevated-temperature combustion. 

[0025] In order to raise the overall efficiency of a combined system more, it is desirable to 
prepare the recuperator which overheats the oxidizer for SOFC with the exhaust gas of a 
combustion process, recuperator — various kinds, such as a countercurrent-heat-exchange 
machine and parallel flow heat exchange, — they are not independent or the thing which can 
combine and use and is limited especially about well-known recuperator. 

[0026] The mimetic diagram of 1 operation gestalt of the combined system which consists of 
SOFC, a combustion process, and recuperator is shown in drawing 1 . The fundamental flow of 
the gas in this combined system is explained below. 

[0027] First, the oxidizer for SOFC is heated in recuperator 1, and SOFC2 is supplied. When 
actuation cost is taken into consideration, as for the oxidizer for SOFC, it is desirable that it is 
air, but it is not limited to air, and an oxygen density can be raised when the oxygen densities 
supplied to SOFC run short. Especially the supply approach of the oxidizing agent for SOFC is 
not limited, and can use various well-known techniques, such as a blower. The fuel-supply means 
3 for SOFC is separately formed in SOFC2, and a generation of electrical energy is performed to 
it by the 900-1 000-degree C cell reaction. In reforming of the fuel for SOFC, an external 
reforming means to use heat sources, such as an internal reforming means, heating furnace 
exhaust heat, SOFC exhaust heat, etc. using the fuel gas and SOFC heat of reaction after the 
generation-of-electrical-energy reaction in which a steam exists, can be established. 
[0028] Especially the type of SOFC2 used for this invention is not limited, and cylindrical 
[ SOFC ], the flat-surface mold SOFC, etc. can use various kinds SOFC, and it can choose them 
suitably according to a use application and an installation environment. 
[0029] The 800-1 000-degree C exhaust gas discharged from SOFC is supplied to the 
combustion process 4 with the fuel for combustion processes as an oxidizer for combustion 
processes, and combustion is performed. Although a fuel oil, methane, coal, a propane, electric 
heat, etc. can be used and it can supply with the fuel-supply means 9 for combustion processes 
as a fuel for combustion processes, it is not limited especially. 

[0030] The combustion process 4 can apply various means, such as a heating furnace, as 
described above, but in order to acquire the elevated-temperature combustion efficiency using 
the exhaust gas of hot SOFC, it is desirable to apply the combustion process which can perform 
elevated-temperature heat treatment of 800 degrees C or more. In addition, especially the upper 
limit of combustion temperature is not limited, and when asking for a higher combustion 
temperature, it should just make the fuel amount of supply increase. In addition, SOFC2 and the 
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combustion process 4 do not need to be another equipment, and it is good also as equipments, 
such as a generator burner which unified SOFC2 and the combustion process 4. 
[0031] The hot combustion process exhaust gas discharged from the combustion process 4 is 
conveyed by recuperator 1, and it is used in order to heat the oxidizer for SOFC. When heat 
energy remains in the exhaust gas used in order to heat the oxidizer for SOFC, this heat energy 
may be reused further. 

[0032] In the combined system concerning this invention, it is more desirable than the oxidizer 
for SOFC discharged from recuperator to establish a means to supply low-temperature gas. 
When such a supply means is established, when the oxidizer for SOFC heated by recuperator is 
more expensive than the oxidizer temperature which SOFC2 needs, low-temperature gas can be 
supplied, and the temperature of the oxidizer for SOFC can be lowered. It is not limited, 
especially if evil does not produce the gas of the low temperature supplied when operating 
SOFC, and air, oxygen, etc. are mentioned. A supply means can establish various well-known 
means, such as a blower, and also can form Rhine (bypass line A) 6 which bypasses recuperator 
as shown in drawing 1 . When a bypass line is prepared, the configuration of a combined system 
can be simplified. 

[0033] Moreover, it is desirable to establish the heating means 5 of the oxidizer for SOFC 
between recuperator 1 and SOFC2. When the temperature of the oxidizer for SOFC heated by 
recuperator 1 by the temperature which SOFC2 needs by installing the heating means 5 does 
not reach, the heating means 5 can be used and the temperature of the oxidizer for SOFC can 
be raised. A means to supply a fuel and to burn it in the oxidizer for SOFC as a heating means 5, 
a means to prepare and heat a heat exchanger further, etc. are mentioned. When supplying a fuel 
and burning it, the amount of oxygen supplied to SOFC2 will decrease, but in the oxidizer for 
SOFC, the oxygen of an excessive amount usually contains, and even if it uses oxygen for the 
temperature up which are dozens - 100 degrees C of numbers, there is no effect in a generation 
of electrical energy. 

[0034] In addition, of course, it is also possible to prepare the both sides of a bypass line A and 
the heating means 5, and to build the combined system which can respond also when the 
oxidizing agent for SOFC heated by recuperator 1 is more expensive than oxidizing agent 
temperature required for SOFC2 and it is low. Moreover, although it is also possible to plan 
temperature control by flow control of the oxidizer for SOFC instead of establishing a bypass 
line A and the heating means 5, there is a case where correspondence becomes difficult 
depending on the oxidizer temperature for SOFC of a recuperator outlet side, in this case, and it 
is necessary to care about that the adaptation range is narrow. 

[0035] It may be operated in the condition that the oxidizer flow rate for combustion processes 
and the amount of emission of SOFC which the combustion process 4 needs differ from each 
other on the occasion of operation of an actual combined system. If a service condition is 
doubled with the flow rate which one side needs at this time, the function of another side cannot 
fully be utilized but reduction in overall efficiency will be invited. Moreover, although the optimal 
operating point (the maximum effectiveness point) as a combined system is changed by change 
of the combustion process 4 or the service condition of SOFC2, fluctuation of a service 
condition with desirable especially rapid changing both service conditions frequently from a 
viewpoint of stable operation has a possibility of exerting a damage on SOFC2. 
[0036] In order to supply the oxidizing agent which has not passed through SOFC2 in the 
combustion process 4 in order to solve this problem, it is desirable to form Rhine (bypass line B) 
7 which bypasses SOFC between recuperator 1 and the combustion process 4. Thereby, lack of 
the oxidizer flow rate for combustion processes is suppliable. 

[0037] From a viewpoint which raises thermal efficiency, although it is desirable to prepare 
between recuperator 1 and the heating means 5 (for it to be SOFC2 when the heating means 5 
is not established) as for the recuperator side edge of a bypass line B, it may convey the 
oxidizer for SOFC before recuperator 1 is supplied depending on the installation environment and 
service condition of a combined system, and may convey the oxidizer for SOFC heated by the 
heating means 5. 

[0038] Moreover, since it corresponds to the overage of the exhaust gas of SOFC, it is desirable 
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to form Rhine (bypass line C) 8 where a part of exhaust gas of SOFC bypasses the combustion 
process 4 between SOFC2 and recuperator 1. 

[0039] From a viewpoint which raises thermal efficiency, the recuperator side edge of a bypass 
line C may be discharged as exhaust gas, without minding recuperator 1 depending on the 
installation environment and service condition of a combined system, although it is desirable to 
prepare between the combustion process 4 and recuperator 1 . 

[0040] It is desirable to prepare a valve in each bypass line and to control a quantity of gas flow. 
Thereby, a quantity of gas flow is quickly controllable so that overall efficiency becomes max to 
change of the operation condition of a combustion process and SOFC. Specifically, the possible 
rose fly valve of the rate control of closing motion which consists of heat-resisting material, 
such as stainless steel, a nickel alloy, and a ceramic, etc. can be prepared into a bypass line. 
Although gas conveyance Rhine, such as a bypass line, is not limited to these, it is good to 
connect with piping which connects each equipment by the bolt connection and weldbonding by 
the flange using ingredients, such as stainless steel which gave fireproof lining. 
[0041] Although the combined system which has the above-mentioned configuration has the 
overall efficiency which was excellent even if it was the case where a facility was newly built, 
since it can use a conventional blower and recuperator when including in the existing combustion 
process, it has the advantage that a SOFC generation-of-electrical-energy system can be built 
by fewer plant-and-equipment investment. Moreover, the generating efficiency of the 
appearance of SOFC incorporated in this case can become 80% or more and the extremely 
excellent thing. 

[0042] The operating method of the combined system which is applied to an operation of bypass 
lines A, B, and C below, and is applied to this invention at a list is explained. 
[0043] Drawing 2 shows the condition that the whole quantity of the oxidizer for SOFC heated 
by recuperator 1 is used by SOFC2, and can carry out the maximum use of the exhaust heat of 
the combustion process 4, and the whole quantity of the exhaust gas of SOFC goes into the 
combustion process 4, when exhaust heat of the combustion process 4 is collected by 
recuperator 1 . This condition is defined as a full balance condition. In the case of a full balance 
condition, overall efficiency becomes the highest. 

[0044] However, it may be difficult to maintain a full balance condition depending on the 
combustion process 4 or the throughput of SOFC2, for example, there may be more oxidizer flow 
rates which the combustion process 4 needs than the oxidizer flow rate which SOFC2 needs. In 
this case, the insufficiency of the oxidizer flow rate which the combustion process 4 needs is 
suppliable by utilizing a bypass line B, as shown in drawing 3 . As for a bypass line B, it is 
desirable to convey the air heated by recuperator 1 from a viewpoint which raises overall 
efficiency. 

[0045] On the other hand, when there are few oxidizer flow rates which the combustion process 
4 needs than the oxidizer flow rate which SOFC2 needs, the balance of the oxidizer flow rate 
which SOFC2 needs, and the oxidizer flow rate which the combustion process 4 needs can be 
maintained by utilizing a bypass line C, as shown in drawing 4 . In this case, by conveying to 
recuperator 1 by the bypass line C, the part which is not conveyed by the combustion process 4 
among the exhaust gas of SOFC can utilize effectively the sensible heat which the exhaust gas 
of SOFC has, and can control decline in overall efficiency. 

[0046] As mentioned above, the flow can be controlled by using a bypass line B and a bypass 
line C, but since the case where a bypass line is not utilized serves as max, overall efficiency 
may adjust the service condition of SOFC in a certain amount of range, without utilizing a bypass 
line. 

[0047] Moreover, when the temperature of the oxidizer for SOFC heated by recuperator 1 does 
not reach the temperature which SOFC2 needs, with the heating means 5, the oxidizer for SOFC 
can be heated and the temperature of the oxidizer for SOFC can be raised ( drawing 5 ). On the 
contrary, when the temperature of the oxidizing agent for SOFC heated by recuperator 1 is 
higher than the temperature which SOFC2 needs, the temperature of the oxidizing agent for 
SOFC can be lowered by using a bypass line A (drawing 6). 

[0048] In operation of the combined system concerning this invention, bypass-line A-C, a 
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heating means, etc. which were mentioned above are freely combinable. 

[0049] Moreover, the method of giving directions to a bypass line A and a heating means so that 
the temperature of the oxidizing agent for SOFC may turn into temperature which SOFC needs 
based on the information acquired from the thermo sensor formed near.the SOFC side outlet of 
recuperator as the control approach of a combined system is mentioned. As the control 
approach of a bypass line B and a bypass line C, the required amount of oxidizing agents is 
computed from the operation command to a combustion process and SOFC, and the method of 
giving directions to the valve prepared in Bypasses B and C based on this is mentioned. 
[0050] 

[Example] The energy balance of the combined system at the time of using a heating furnace as 
a combustion process is shown as compared with the energy balance in a SOFC simple 
substance, and the energy balance in a heating furnace simple substance. 
[0051] < example: The energy balance of the combined system of SOFC when setting the 
combined system > slab heating heating value of SOFC and a heating furnace to 100 and a 
heating furnace is shown in drawing 7 . Thermal efficiency is following type (1 ): [0052]. 
[Equation 1] 

***** < %) - mln^tlt- * 1 00 ( 1 > 

[0053] It could be alike, and could ask more, the thermal efficiency about a heating furnace was 
68%, and the thermal efficiency about SOFC was 50%. Moreover, the thermal efficiency of the 
whole combined system was 70%. 

[0054] The energy balance in the heating furnace simple substance when setting a <example of 
comparison 1 :heating furnace simple substance> slab heating heating value to 100 is shown in 
drawing 8 . When thermal efficiency was searched for according to the above-mentioned formula 

(1) , the thermal efficiency of a heating furnace was 68%. 

[0055] The energy balance of SOFC when being based on the amount 24 of SOFC generations 
of electrical energy in the <example of comparison 2:SOFC simple substance> example 1 is 
shown in drawing 9 . When thermal efficiency was searched for according to the above- 
mentioned formula (1), the thermal efficiency of SOFC was 50%. 

[0056] From the example and the example of a comparison, it was shown that the effectiveness 
of the combined system concerning this invention of an example is very excellent. The following 
type used as the index in the case of including SOFC in the existing heating furnace especially 

(2) : [0057] 
[Equation 2] 

«iPtt<&«««j*=£*l 0 0 ( 2 ) 

D 

[0058] The generating efficiency of the appearance of SOFC expressed with (a is electric 
generating power obtained when a combustion process is changed into a combined system 
among a formula, and b is the fuel increment at the time of changing a combustion process into a 
combined system) showed 83% and the extremely excellent numeric value. 
[0059] 

[Effect of the Invention] In the combined system of this invention, since the intact fuel in SOFC 
which can use the sensible heat of the exhaust gas of SOFC effectively since the exhaust gas of 
SOFC is used as an oxidizer for direct combustion processes, and remains in the exhaust gas of 
SOFC can be used, the overall efficiency of a combined system can be raised. Since a facility of 
the conventional blower, recuperator, etc. can be made to serve a double purpose when including 
in the existing combustion process especially, construction of a SOFC power generating plant 
with high overall efficiency is possible at little plant-and-equipment investment, and the 
generating efficiency of the appearance of SOFC at this time becomes 80% or more and the 
extremely excellent thing. 

[0060] moreover, a combustion condition [ in / since the exhaust gas of SOFC is 800-1000 
degrees C and an elevated temperature / a combustion process ] — elevated-temperature 
combustion — it can carry out — ** — effectiveness, such as uniform furnace heating, 
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reduction of NOx of which ** generation is done, and reduction of a fuel required for ** 
combustion, is acquired. 

[0061] Furthermore, by establishing a bypass line and a heating means, the temperature of the 
oxidizer for SOFC and the oxidizer for combustion processes, a flow rate, and an oxygen density 
can be adjusted flexibly, and even if it is the case where the operating condition of SOFC or a 
combustion process changes, stable operation can be attained. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of 1 operation gestalt of the combined system which 
consists of SOFC, a combustion process, and recuperator. 

[Drawing 2] It is drawing showing the combined system in a full balance condition. 
[Drawing 3] It is drawing showing the combined system in the condition of having used the 
bypass line B. 

[Drawing 4] It is drawing showing the combined system in the condition of having used the 
bypass line C. 

[Drawing 5] It is drawing showing the combined system in the condition of heating the air for 
SOFC using a heating means. 

[Drawing 6] It is drawing showing the combined system in the condition of having used the 
bypass line A. 

[Drawing 7] It is drawing showing the energy balance at the time of compounding SOFC and the 
heating furnace concerning this invention. 

[Drawing 8] It is drawing showing the energy balance in a heating furnace simple substance. 
[Drawing 9] It is drawing showing the energy balance in a SOFC simple substance. 
[Description of Notations] 

1 Recuperator 

2 Solid Acid Ghost Form Fuel Cell (SOFC) 

3 Fuel-Supply Means for SOFC 

4 Combustion Process 

5 Heating Means 

6 Bypass Line A 

7 Bypass Line B 

8 Bypass Line C 

9 Fuel-Supply Means for Combustion Processes 



[Translation done.] 
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